Abstract
Background

61
Advances in next-generation sequencing have enabled researchers to produce high-62 throughput genomic data for diverse pathogens. However, analysing multi-copy,
63
contingency gene families remains challenging due to their abundance, high mutation 64 and recombination rates, and unstable gene loci [1] . Yet, these gene families are [8, 9] (Fig. 3C ).
200
Validation by example
201
T. congolense gVAP 202
We have used the VAPPER to analyse the genomic repertoire of 98 T. congolense 203 samples of savannah and forest-subtypes, collected from 12 countries across Africa, 
216
The phylotype proportion variation patterns are perhaps better detected in the 217 normalised heatmap (Fig. 4B) 
237
When we compare the gVAPs of 1/148 and IL3000, we see that they are distinct, and 238 so are the tVAPs (e.g. P4 is more represented in TC13, whereas P10 is more 239 represented in 1/148 than in TC13). However, P8 is overrepresented in both isolates 240 compared to the genomic repertoires (Fig. 5 ). This agrees with our previous 
T. vivax gVAP 248
The T. vivax gVAP shows the VAPs in the context of the sample cohort (N=29),
249
which currently includes samples from Nigeria, Uganda, Gambia, Ivory Coast, Brazil,
250
Burkina Faso, and Togo. The dendrogram represents the relationships between the 251 multiple strains, whereas the heatmap shows whether VSG genes are present or 252 absent in each strain (Fig. 6A) (Fig. 6B) . We observe that there are five different VSGs, which represent 263 three different geographical patterns (Fig. 6C) . Specifically, the first LIEM-176 VSG 264 transcript has been found in strains from Venezuela, Nigeria and Gambia, but not in 
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